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Purpose: The intent of the study was to determine whether ultrasonic tissue characteriza- 
tion (UTC) could indicate acuteness and stability of deep venous thrombosis (DVT) of the 
lower extremities. 
Methods: Thrombi presenting as filling defects on color Doppler imaging in the common 
or superficial femoral or popliteal veins in 50 extremities in 45 patients with DVT were 
studied. Acute DVT was less than 4 days duration, and chronic DVT was greater than 21 
days duration. UTC analysis of parameters from the normalized power spectrum of 
backscattered ultrasound signals from venous filling defects was performed. This spectrum 
approaches a straight line, and its basic parameters, slope, and Y-intercept are related to 
scatterer size, concentration, and the square of the scatterer-to-medium acoustic 
impedances. Ten of the DVT extremities were reexamined atI week to assess UTC changes 
that would indicate thrombus in tability. 
Results: Acute DVT (19 of the 50 extremities) could be distinguished from chronic DVT, 
mainly on the basis of significantly higher intercept values for the acute group, which were 
11.6 relative decibels (dBr) higher than those of the chronic DVT group. Discriminant 
linear analysis of the two parameters indicated a sensitivity of 94.7% and specificity of 
90.3% in correctly diagnosing acute DVT. In a small sample of 10 extremities reexamined 
at i week, acute DVT extremities showed amean 9.4 dBr decrease inintercept values with 
no significant change in slope. 
Conclusions: UTC distinguished clinically defined acute from chronic DVT. In a small 
series of extremities, UTC revealed significant instability of acute thrombi n a selected 
patient population. (J VASe SURG 1995;21:976-84.) 
The stability of deep venous thrombosis (DVT) 
of the lower extremities, in terms of progression of 
local symptoms and pulmonary embolism, is related 
to multiple variables) The composition of the 
thrombus is probably an important risk factor. 
However, clearly relating specific thrombus compo- 
sition to stability has been a problem because 
thrombus tissue from DVT is usually not available for 
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morphologic studies. There is inferential indication 
that thrombi with a high red blood cell-fibrin mesh 
content present a greater isk. Red blood cell-fibrin 
mesh is the dominant histologic feature of early or 
acute DVT 2,s and acute DVT is considered to present 
a higher risk. Pulmonary emboli tend to arise from 
the unorganized or partially organized portion of a 
thrombus.2 Consequently, red blood cell-fibrin mesh 
composition is likely to be related to thrombus 
stability. I f  this proposed association is correct, a 
clinically acceptable means to distinguish red blood 
cell-fibrin mesh thrombi from less risk-prone throm- 
bus components could improve predicting thrombus 
stability. Less risk-prone thrombus components 
would be those showing progression to organization 
in which partial thrombolysis has occurred resulting 
in thrombi with decreased red blood cell and fibrin 
content with fibrin mesh replaced by smooth muscle 
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and collagen. If minimal or noninvasive imaging 
could discriminate between these thrombus tissue 
types, a useful diagnostic and surveillance method for 
managing DVT would be available. 
Imaging studies have significantly improved the 
ability to diagnose DVT. Venous duplex imaging 
with compression studies for detecting DVT has 
been reported to approach the accuracy of radio- 
contrast studies. 4 This development has increased the 
number of patients studied and the efficacy of 
performing repeat examinations. It has increased the 
ease and safety of acquiring information for the 
diagnosis of DVT and has stimulated interest in 
ultrasonically determining thrombus age, preferably 
in terms of composition that can be used to predict 
clinical behavior. Studies to date indicate that radio- 
contrast venography and traditional ultrasonography 
imaging have limitations in their ability to determine 
the age of venous thrombi, particularly in the 
evaluation of recurrent DVT. Determining red blood 
cell-fibrin mesh content ofthrombi by these methods 
is not possible because thrombi appear as filling 
defects on radio-contrast and traditional ultrasound 
imaging; no information is available for differentia- 
tion of tissue type or composition. 
To obtain thrombus-content i formation with 
ultrasonography, we have conducted a series of 
studies with ultrasonic tissue characterization 
(UTC). UTC attempts to distinguish differences in
tissue content on the basis of physical properties of 
the sound-to-tissue interaction. Physical properties 
such as a speed of sound through tissue, attenuation, 
and scatterer effects by tissue have been used to 
identify unique differences incomparing tissue types. 
The UTC technique we adapted to evaluate thrombi 
is based on the analysis of parameters obtained from 
the normalized power spectrum of back-scattered 
ultrasound signals, s7 The spectrum is in the fre- 
quency domain and, after normalization to remove 
recording system effects, can be displayed as a best-fit 
straight line. The basic parameters ofthis straight line 
are slope and Y-intercept, which contain information 
about he scatterers in the tissue of interest. Slope is 
related to scatterer size. Intercept is related to 
scatterer size and the product of scatterer concentra- 
tion and the square of the scatterer-to-containing 
medium acoustic impedances. Acoustic impedance is 
associated with tissue density and elasticity. Thus 
multiple physical features of a tissue can be measured 
quantitatively and objectively by power spectrum 
analysis of back-scattered chos. 
The thrombus tudies with the described UTC 
technique consisted first of an in vitro experiment 
that showed that UTC could distinguish among clots 
formed from whole blood and those that consist of 
dense fibrin mesh and loose fibrin mesh. Whole blood 
clots, composed mainly of red blood cell-fibrin mesh, 
showed slightly decreased slope and increased inter- 
cept values compared with parameter values of dense 
and loose fibrin mesh. 8Next, UTC was used to study 
experimentally produced thrombi in young pigs. 
Acute red blood cell-fibrin mesh thrombi showed 
slightly decreased slope and significantly increased 
intercept values compared with older thrombi. The 
animal investigation revealed that UTC could differ- 
entiate recent thrombus (0 to 1 day old), which was 
mainly composed of red blood cell-fibrin mesh, from 
older partially autolyzed thrombus and from orga- 
nizing thrombus. 9'1° 
Thrombus content studies in patients with lower- 
extremity DVT were then conducted and are the 
basis of this study. The objectives of this human 
investigation were (1) to define similarities between 
human DVT parameter values, where histologic 
confirmation is not possible, and our previous in vitro 
tissue-type data 8 and animal study parameter val- 
ues, 9'1° in which clot and thrombus UTC differences 
were correlated with light microscopy, (2) to deter- 
mine the ability of UTC to indicate acuteness ofDVT 
in patients with definable duration of symptoms, and 
(3) to demonstrate hat UTC parameters of acute 
DVT are less stable over time than parameters of 
chronic DVT. 
METHODS 
Forty-five patients with DVT in 50 lower ex- 
tremities were included in the study. Patients were 
selected according to the following criteria. Each 
DVT extremity was confirmed as a completely 
occlusive or partially occlusive filling defect in a 
common or superficial femoral or popliteal vein by 
color-flow Doppler imaging. Each DVT extremity 
presented with a clear history of the time of onset of 
symptoms. To achieve the greatest distinction be- 
tween UTC data, selection of patients was deter- 
mined by the time of symptom onset hat would most 
likely provide representative acute and chronic UTC 
data. Consequently, patients were included in the 
study if the duration of symptoms at the time of 
initial UTC evaluation was determined to be either 
less than 4 days or greater than 21 days. Patients who 
had no symptoms or who could not clearly determine 
the time of onset of symptoms or had an intermediate 
duration of symptoms (between 4 and 21 days), were 
not included in the study. 
Patients with symptoms of less than 4 days 
JOURNAL OF VASCULAR SURGERY 
978 Kalecki et aL June 1995 
I CLINICAL 
INSTRUMENT 
I 
I ~_ . __ J  LINEAR L~llATTENUATORI 
• [I "l PRE-AMPI "1 ~, I 
TRANSDUCER/~ ILINEAR AMP I 
IA,D COINVERTER I
PATIENT I DESKTOP 
COMPUTER 
Fig. 1. Block diagram of UTC system for data acquisition 
and analysis. Unmodified signal is obtained from ultra- 
sound transducer. Signal is amplified and converted to 
digital form, and digitized data are stored in computer for 
analysis. 
duration at the time of initial UTC evaluation were 
classified as "acute." The acute group consisted of 18 
patients with 19 affected extremities. Patients with 
symptoms of greater than 21 days duration at the 
time of initial UTC evaluation were classified as 
"chronic." The chronic group contained 27 patients 
and 31 affected extremities. 
All 50 extremities with DVT were evaluated by 
UTC within 24 hours after confirmation and local- 
ization of the DVT by color Doppler imaging with 
a Quantum QAD 1 scanner (Siemans, Issaquah, 
Wash.) with 5 or 7.5 MHz transducers or an Acuson 
128xp-10 scanner (Mountain View, Calif.) with 5 or 
7.5 MHz transducers. Data for UTC were acquired 
with the Quantum system using either 5 or 7.5 MHz 
linear-array transducers or by an Aloka 650 scanner 
(Aloka, Tokyo, Japan) with a 7.5 MHz mechanical 
sector-scanning transducer. Common and superficial 
femoral veins were examined with the patient in the 
supine position. Popliteal veins were examined with 
the patient in the lateral decubitus or prone position. 
Multiple longitudinal and transverse scans were 
obtained from the area of thrombosis. 
The UTC method of analysis of parameters 
obtained from the power spectrum of backscatter 
signals has been described in detail previously, s:7 
Therefore only a brief summary is presented here. A 
block diagram of the UTC system in this application 
is shown in Fig. 1. The unmodified radiofrequency 
signals were acquired from the conventional scanners 
before nonlinear processing for B-mode imaging. 
The principals involved were to convert the signal 
from analog to digital form and then to obtain a 
power spectrum by computer processing. A high 
sampling rate was required because of the high 
frequency of the radiofrequency signals. The radio- 
frequency echo signals of selected scans were ampli: 
Table I. UTC basic parameters for DVT at 
initial examination 
Type of No. of Slope Intercept 
D VT extremities (dB/MHz) (dBr) 
Acute 19 -3 .61  + 0.89 -31 .0  _+ 5.3 
Chronic 31 -3 .69  + 1.21 -42 .6  -+ 6.1 
p < 0.01. All values are means -+ SD. 
fled and digitized with an analog-to-digital converter 
consisting of an 8-bit, transient-waveform analyzer 
operating at a sampling rate of 50 MHz. The 
digitized data were stored on an AT-compatible 
computer (Advanced Technology; IBM, Boca Ra- 
ton, Fla.) with available data-acquisition software, 
which immediately reconstituted gray-scale images of 
the acquired ata to confirm data-acquisition quality, 
Operator selected regions of interest (ROIs) were 
used to analyze portions of the stored radiofrequency 
data; and the selected data were submitted to a 
fast-Fourier transform. The squared magnitude of 
the fast-Fourier t ansform was converted to logarith- 
mic form and corrected with the power spectrum of 
a highly reflective calibrative target (glass plate). The 
corrected log power spectrum provided the normal- 
ized power spectrum to which a best-fit straight line 
approximation was made to provide the slope and 
Y-intercept. The Y-intercept was expressed as deci- 
bels relative to the amplitude of the calibration 
spectrum (dBr). All Y-intercept dBr data had a 
negative value because they were less than the 
amplitude of the calibration spectrum. Differences in 
parameter values occurred with different ultrasound 
systems used for data acquisition because of unique 
physical properties (e.g., frequency, focal distance). 
The differences between ultrasound systems were 
adjusted to present all parameter values in the ranges 
obtained with the Aloka scanner. 
The study was conducted in two parts. In the first 
part, the UTC parameters of the acute and chronic 
groups were compared to assess the ability of UTC to 
indicate acuteness. In the second part, 10 extremities 
with DVT (four acute and six chronic) were reex- 
amined 1 week after the initial examination to 
determine whether UTC could detect differences in 
temporal patterns of parameter values between acute 
and chronic DVT. 
RESULTS 
ROIs within each filling defect were demarcated 
by square or rectangular cursors on a computer- 
reconstituted B-mode image of a longitudinal scan 
plane of the vein segment contain!ng the filling 
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Fig. 2. Computer display of UTC analysis of single ROI at initial examination a d at 
reexamination 1 week later in acute DVT extremity. Computer-reconstituted B-mode images 
are on left. These show femoral vein, moderately h perechoic luminal defect, and rectangular 
cursor demarcating re ion being analyzed. Normalized power spectrum of data within ROI is 
on right. Power spectrum parameters are obtained from best-fit straight line applied to 
spectrum. These parameters are slope (dB/MHz) and intercept (dBr). Note that slope increased 
slightly and intercept decreased by 10 dBr after 1 week. 
defect. Only one thrombosis ite for each extremity 
was used for UTC data acquisition. Three to five scan 
planes from each thrombus ite were studied. The 
single largest ROI that could be completely fitted 
inside the thrombus in the reconstructed B-mode 
image was used to acquire the radiofrequency data. 
Thus three to five ROIs provided the UTC data for 
each extremity thrombus. ROIs could be as small as 
2 × 2 mm and expanded to a larger size. The largest 
ROI that could be completely contained within the 
thrombus image without extending to an adjacent 
wall or empty lumen was usually 3 × 4 mm. The 
advantages ofuse of the largest completely contained 
ROI were to provide the greatest amount of data and 
to reduce operator choice of ROI placement because 
the largest ROI usually could be positioned at only 
one site. I f  the thrombus image could accommodate 
two or more ROIs of equally large size, the ROI that 
fitted in the most proximal aspect of the thrombus 
was used. Thus ROIs were placed in the centers of 
thrombi and in the most proximal position if there 
was room for the placement of two or more qually 
large ROIs. Most ROIs were at the common or 
proximal superficial vein location. The use of the 
largest completely contained ROI disregarded the 
potential bias that could arise from B-mode features, 
such as heterogeneity, hat might cause visual queing. 
The same approach for data acquisition was used 
during reexamination i  the second study in which 
the largest fully contained single ROI from the most 
proximal (if selection were possible) provided UTC 
information. Ultrasonic imaging of internal land- 
marks (e.g., saphenous and deep femoral vein junc- 
tions) indicated that all filling defects studied at 
reexamination appeared to be at the same site as in the 
initial examination. Computer calculation of the 
mean and standard eviation within each RO1 was 
performed, and the means and standard eviations 
for each thrombus (3 to 5 ROIs) were calculated. The 
cumulative average of the means and standard 
deviations for acute and chronic DVT were obtained 
and used in Table I. Figs. 2 and 3 are examples of 
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Fig. 3. Same presentation asin Fig. 2 for chronic DVT. Note that slope values and intercept 
values are essentially unchanged after I week. Also note that slope and intercept values of chronic 
DVT are virtually same as slope and intercept values of acute DVT reexamined at 1 week 
(Fig. 2). 
Table II. Discrimination function scores 
for classification of DVT parameters 
Table II I .  Classification of combined DVT 
parameters by discriminant analysis 
Discriminant score ~ Predicted group 
No. of 
Acute 1.65 + 1.06 Actual group extremities Acute Chronic 
Chronic -1 .01  + 0.96 
Acute 19 18 (94.7%) i (5.3%) 
~Discriminant score = (Slope)(0.78) + (Intercept)(0.22) + Chronic 31 3 (9.7) 28 (90.%) 
(11.44). 
p < 0.001. 
computer displays of a single ROI  data acquisition 
site from an acute and chronic DVT extremity. The 
normalized power spectrum best-fit straight line and 
slope and intercept information were displayed 
alongside the reconstituted B-mode image that 
provided a guide for selecting a ROI. 
Table I shows the means and standard eviations 
of UTC parameter values obtained from all 50 
extremities. Slope values of the acute group were 
essentially unchanged from slope values of the 
chronic group. Intercept values of the acute group 
were 11.6 dBr higher (less negative) than the 
intercept values from the chronic group. These 
differences were statistically highly significant 
(p < 0.01). A graphic presentation of these data is 
presented in Fig. 4. The graphic display emphasizes 
the greater discriminatory, ability of intercept com- 
pared with slope to distinguish acute from chronic 
DVT. 
The effectiveness ofcombined slope and intercept 
data were obtained by linear discriminant fimction 
analysis ,  ll,12 Discriminant function scores based on 
this combination and how the discriminant score 
were calculated are shown in Table II. The difference 
between acute and chronic group scores was highly 
significant. With these scores, UTC was able to 
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Fig. 4. Graphic display of UTC parameter values for 50 extremities with DVT. Note 
separation of data from acute and chronic DVT. Separation on basis of intercept isbetter than 
on basis of slope. 
Table IV. UTC basic parameters for DVT over i week 
Initial 1 Week 
No. of extremities Slope (dB/mHz) Intercept (dBr) Slope (dB/MHz) Intercept (dBr) 
Acute  4 -4 .37  + 6.1  -32 .7  + 4 .1  -3 .72  +- 0 .42  -42 .0  + 5.3  
Chron ic  6 -3 .70  -+ 1 .22  -40 .6  + 5 .4  -3 .33  + 1 .57  -42 .4  -+ 8.8  
Al l  va lues  are mean ± SD.  
correctly identify 18 of the 19 acute DVT extremities 
and 28 of the 31 chronic DVT extremities (Table 
II I). Considering the UTC analysis to be a diagnostic 
test for acute DVT from a population of DVT 
extremities whose acuteness were unknown (all 
extremities demonstrating a filling defect), the sen- 
sitivity was 94.7% and the specificity was 90.3%. 
Data from the second part of the study to 
compare the UTC parameter stability of acute and 
chronic DVT over a 1-week interval are shown in 
Table IV. In this subset of extremities, the parameter 
values for acute and chronic DVT at the initial 
examination were essentially the same as the data 
from the entire study population (Table I) and 
showed significantly higher intercept values for acute 
DVT. After i week, the intercept values for acute 
DVT decreased significantly (p < 0.01) by a mean 
difference of  9.4 dBr to a level similar to chronic 
DVT. Slope values of acute DVT were not signifi- 
cantly different from slope values of chronic DVT, 
nor did they change significantly over 1 week. The 
intercept and slope values of  the chronic DVT 
extremities did not change significantly over the 
1-week interval. The comparison of  parameter values 
between acute and chronic DVT over 1 week is 
illustrated in graphic form in Figs. 5 and 6. These 
figures indicate the significance l vels of various data 
comparisons. 
D ISCUSSION 
The intent of this study was to indicate whether 
UTC with parameter values obtained from the power 
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Fig. 5. Graphic display of slope values at initial and 1-week examinations and differences that 
occurred over time. Significance of various comparisons are on right. 
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Fig. 6. Graphic display of intercept values at initial and 1-week examinations and differences 
that occurred over time. Significance of various comparisons are on right. 
spectrum analysis of backscattered ultrasound signals 
can provide thrombus-content i formation that is 
related to acuteness and stability in patients with 
lower extremity DVT. The specific objectives were 
(1) to compare UTC parameter values of this study 
with previous in vitro 8 and animal studies 9d° in which 
light microscopy was correlated with UTC parameter 
values, (2) to determine the ability of UTC to 
indicate acuteness, and (3) to demonstrate hat UTC 
parameter values of acute DVT are less stable over 
time than UTC parameters of chronic DVT. The 
scope of the study was to evaluate the potential of 
UTC tO diagnose DVT and not to critically compare 
UTC with B-mode imaging. 
The UTC parameters of acute DVT showed 
unchanged slope values and statistically, highly sig- 
nificant increased intercept values compared with 
chronic DVT parameters. These differences were 
similar to values observed in experimental thrombi in 
which acute thrombi having predominately a red 
blood cell-fibrin mesh composition showed virtually 
unchanged slope values but highly significant lower 
intercept values 1 week after thrombus induction. 9 
The in vitro studies howed lower slope and higher 
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intercept values for red blood cell-fibrin mesh blood 
clots. 8 This comparison supports the hypothesis that 
UTC is able to recognize red blood cell-fibrin mesh 
in clinically determined acute DVT. 
Extremities with clinically determined acute DVT 
were distinguished from extremities with chronic 
DVT. This discriminatory ability indicates that 
parameter value difference are sufficiently distinctive 
to enable UTC to be a means of determining 
acuteness in a highly selected population. 
Acute DVT parameter values showed greater 
instability over a 1-week interval than chronic DVT 
parameter values. This instability consisted of a UTC 
parameter change that resembled parameter changes 
associated with thrombolysis of experimental 
thrombi. The greater susceptibility of acute DVT 1214 
and recent pulmonary embolism 1~,16 to thrombolysis 
is well known, and the demonstration that this 
process may be detectable by UTC supports the 
rationale for the use of UTC in thrombus-age 
determination. The UTC-detectable time differences 
in acute DVT parameters are consistentwith the 
prevailing concept hat acute DVT contains a high 
red blood cell-fibrin mesh content hat is prone to 
lysis and is-less stable than chronic DVT. 
From these findings we conclude that UTC can 
detect quantitative differences in parameter values 
between clinically determined acute and chronic 
DVT. These differences appear to be related to a 
higher red blood cell-fibrin mesh content of acute 
thrombi, which are more susceptible to thromboly- 
sis. The effects of this susceptibility are also measur- 
able by UTC and suggest hat UTC parameter value 
fluctuations may be used as indicators of DVT 
instability associated with thrombolysis. 
To our knowledge, this study is the first report 
to show the ability of a noninvasive method to 
discriminate between thrombus-content differences 
related to clinical staging of DVT in patients. 
However, the stated conclusions must be qualified 
in accordance with the limitations of the study. The 
main limitation is the lack of morphologic confir- 
marion of UTC findings. Direct correlations of 
UTC results with tissue samples is usually not 
available in DVT of the lower extremities. Because 
such comparisons are not possible, we have used 
clinical indicators of acuteness based on duration of 
symptoms. Because the symptoms of DVT are not 
reliable for diagnosis, we only used symptoms to 
establish time of onset and in a manner providing 
maximal distinction between "acute" and "chronic" 
findings. Timing onset of DVT on the basis of 
duration of symptoms till may lack precision be- 
cause the onset of symptoms may lag behind the 
onset of thrombosis. This may explain the variability 
in slope and intercept parameters. A more ideal 
model for better riming the onset of DVT would 
be to study prospectively patients at high risk before 
and after operation. We inirially tried this approach 
in 12 patients undergoing knee or hip replacement. 
All these patients at our institution were receiving 
prophylactic anticoagulants, and none had devel- 
opment of DVT in the proximal lower extremities 
within the first postoperative week. This suggested 
the likely need to screen a high-risk population that 
was larger than our resource capability permitted to 
obtain a sufficient number of patients with DVT for 
our study. Consequently, we chose to study patients 
with symptoms. This study was intended to dem- 
onstrate an association between UTC and clinical 
findings and was not designed to indicate the clinical 
significance of UTC-defined acuteness and stability. 
The ultimate measure of a diagnostic and surveil- 
lance method is its ability to predict clinical out- 
come. In this context, this study is a preliminary 
investigation of feasibility in patients with DVT, 
and our conclusions can only be considered as 
inferential. 
Further investigation is necessary to establish the 
relevance of this study. The degree to which a UTC 
diagnosis of acuteness can predict he clinical behav- 
ior of thrombi must be determined. This should be a 
prospective study with sufficient data to accurately 
define acuteness in patients with absent, vague, or 
recurrent symptoms. More importantly, a prospec- 
tive study may more clearly identify a UTC thrombus 
tissue type that, although more prevalent in DVT of 
recent origin, also could be identified in thrombi 
irrespective of onset time of symptoms. This could 
link outcome to compositional features rather than to 
a clinical assessment ofthrombus risk based on age or 
acuteness estimates. An ability to follow thrombus 
changes because of spontaneous thrombolysis would 
also allow UTC to be a means of monitoring and 
directing the use of thrombolytic agents in man- 
agement. 
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